X-Ray Diffraction Studies of Dry Bones by Ramrakhiani, M et al.
Indian J. Phys. 70A  (5 ), 6 5 1 -6 5 4  (1996)
I J P  A
— an international journal
X-ray diffraction studies of dry bones
M  R a m r a k h i a n i ,  R  K  S o n i ,  P  P a r a s h a r  a n d  S  C  D a l i
Department of Postgraduate Studies and Reseatch in Physics,
Rani Durgavati University, Jabalpur-482 001. Madhya Pradesh, India
Received 15 January 1996, accepted ft April 1996
Abstract : The regularity in the microstructure of embalmed dry human skull bone has 
been investigated by X-ray diffraction technique The bone specimens were cleaned and cut to 
suitable si/.e The X-ray diffraction pattern was obtained by a diffractometer
The intensity versus 20 profile shows only one main peak at 20 = 32 52° with 
intensity 118 CPS and width of the line as 1 11° This indicates regularity in microstruciuie in 
one direction only Computation yields the value ot crystallinity as 0.45 and the crystallite size as 
83 A approximately
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T h e  u t i l i s a t i o n  o f  X - r a y  m e t h o d s  o f  a n a l y s i s  is  c o n t i n u i n g  t o  e x p a n d  a t  a  r a p i d  r a te .  A  
r e g u l a r  a r r a n g e m e n t  o f  t h e  l a t t i c e  u n i t s ,  e v e n  t h o u g h  v e r y  i m p e r f e c t ,  p r o d u c e s  d i f f r a c t i o n  
m a x i m a .  M a n y  p l a s t i c s  a r e  p a r t l y  c r y s t a l l i n e ;  c o m p o s e d  o f  v e r y  l o n g  m o l e c u le s ,  g e n e r a l l y  
i n  a  s t a t e  o f  g r e a t  d i s a r r a y  b u t  h e r e  a n d  t h e r e  o r g a n i z e d  i n t o  o r d e r e d  r e g i o n s  c a l l e d  
c r y s t a l l i t i e s .  T h e s e  r e g i o n s  p r o d u c e  b r o a d  d i f f r a c t i o n  l i n e s .  B y  c o m p a r i n g  t h e  i n t e n s i t y  a n d  
w i d t h  o f  l i n e s ,  d e g r e e  o f  c r y s t a l l i n i t y  a n d  c r y s t a l l i t e  s i z e  c a n  b e  e s t im a t e d  [ 1 1.
B o n e s  a l s o  h a v e  a  r e g u l a r  m i c r o s t r u c t u r e .  I t  c o n s i s t s  o f  c o l l a g e n  f i b r i l s  a n d  b o n e  
s a l t s  i n  c r y s t a l l i n e  a n d  a m o r p h o u s  p h a s e .  T h e  p r e s e n t  w o r k  r e p o r t s  X - r a y  d i f f r a c t i o n  s t u d ie s  
o f  d r y  h u m a n  b o n e s  a n d  c o m p u t e s  t h e  v a lu e  o f  c r y s t a l l i n i t y  a n d  c r y s t a l l i t e  s iz e .
E m b a l m e d  d r y  h u m a n  s k u l l  b o n e s  w e r e  c h o s e n  f o r  t h e  i n v e s t i g a t i o n .  T h e  s p e c im e n s  
w e r e  c o l l e c t e d  f r o m  G o v e r n m e n t  M e d i c a l  C o l l e g e ,  J a b a lp u r .  T h e s e  w e r e  c l e a n e d  b y  b o i l i n g  
in  N a O H  a n d  t h e n  p o l i s h e d  b y  t h e  b u f f i n g  t e c h n i q u e .  S a m p l e s  o f  a b o u t  1 x  1 c m 2 
d i m e n s io n s  w e r e  o b t a i n e d  f r o m  t h e  o u t e r  c o m p a c t  l a y e r  o f  f l a t  p o r t i o n  o f  t h e  s p e c im e n s .  
X - r a y  d i f f r a c t i o n  s t u d ie s  w e r e  c a r r i e d  o u t  o n  R o t a t i n g  C r y s t a l  R i b a c u  D i f f r a c t o m e t e r  a t  t h e  
T h a p e r  C e n t r e  f o r  R e s e a r c h  a n d  D e v e l o p m e n t ,  P a t i a l a .  T h e  i n t e n s i t y  versus 26 p r o f i l e  w a s
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o b t a i n e d  u s i n g  a u t o m a t i c  s t e p - s c a n n i n g  a n d  s t r i p - c h a r t  r e c o r d e r .  T h e  i n t e n s i t y  a n d  w i d t h  a t  
v a r i o u s  p e a k s  w e r e  d e t e r m i n e d  b y  c o m p u t e r i s e d  p r o g r a m m e .
F i g u r e  1 s h o w s  t h e  p l o t  o f  t h e  d i f f r a c t o m e t e r  r e c o r d e r  t r a c e  o f  i n t e n s i t y  versus 26 
p r o f i l e  f o r  e m b a l m e d  d r y  b o n e .  I t  c a n  b e  o b s e r v e d  t h a t  t h e r e  i s  o n l y  o n e  m a i n  p e a k  a t  
2 0 =  3 2 . 5 2 °  w i t h  m a x i m u m  i n t e n s i t y ,  1 1 8  C P S  a n d  t h e  w i d t h  o f  t h i s  l i n e  a t  h a l f  m a x i m u m  
i n t e n s i t y ,  c o r r e c t e d  f o r  i n s t r u m e n t a t i o n  b r o a d e n i n g ,  i s  1 . 1 1 ° .  T h i s  g i v e s  i n t e r - p l a n a r  
d i s t a n c e  a s  2 . 7 5  A .  T h e  i n t e n s i t y  a t  a l l  o t h e r  d i f f r a c t i o n  a n g l e s  i s  l e s s  t h a n  2 5  C P S  a n d  m a y  
b e  a t t r i b u t e d  t o  s c a t t e r i n g  f r o m  a m o r p h o u s  p o r t i o n .
Figure 1. Intensity versus 20 profile for embalmed dry lone.
T h e  p e a k  a t  2 0 =  3 2 . 5 2 °  s h o w s  c e r t a i n  r e g u l a r i t y  i n  t h e  m i c r o s t r u c t u r e  o f  b o n e s  
C o r r e s p o n d i n g  t o  t h i s  p e a k ,  c r y s t a l l i n i t y  a n d  c r y s t a l l i t e  s i z e  h a v e  b e e n  c a l c u l a t e d .
Crystallinity :
C r y s t a l l i n i t y  i s  a  m e a s u r e  o f  r e g u l a r i t y  i n  t h e  a r r a n g e m e n t  o f  s t r u c t u r a l  e l e m e n t s  T h e  
d i f f r a c t e d  i n t e n s i t y  s c a n  c a n  b e  s e p a r a t e d  i n t o  c o n t r i b u t i o n s  f r o m  t h e  s h a r p  d i f f r a c t i o n s  a n d  
d i f f u s e d  h a l o .  A  c o m p a r i s i o n  o f  t h e  r e l a t i v e  a r e a s  u n d e r  t h e  r e s o l v e d  c u r v e s  g i v e s  t h e  
p e r c e n t  c r y s t a l l i n i t y .  T h e  c r y s t a l l i n i t y  o f  t h e  s a m p l e  i s  g i v e n  b y
A r e a  o f  c r y s t a l l i n e  f r a c t i o n  ( u n d e r  p e a k s )
A r e a  o f  c r y s t a l l i n e  +  A r e a  o f  a m o r p h o u s  f r a c t i o n
V a r i o u s  m e t h o d s  h a v e  b e e n  d e v e l o p e d  f o r  m e a s u r i n g  t h e  a r e a s  u n d e r  v a r i o u s  f r a c t i o n s .  
H e r e ,  t h e  c r y s t a l l i n i t y  h a s  b e e n  m e a s u r e d  o n  t h e  p r e m i s e  t h a t  i n c r e a s i n g  a m o r p h o u s n e s s  
l e n d s  t o  b r o a d e n  t h e  l i n e  w i d t h  w h e r e a s  i n c r e a s i n g  c r y s t a l l i n i t y  i n c r e a s e s  t h e  i n t e n s i t y .  
T h e  h e i g h t  ( C r H )  o f  t h e  m a i n  p e a k  a b o v e  i t s  a d j a c e n t  m i n i m u m  r e p r e s e n t s  t h e  
c r y s t a l l i n i t y  o f  t h e  s a m p l e  a n d  t h e  w i d t h  ( A m W )  o f  t h e  p e a k  a t  t h i s  a d j a c e n t  m i n i m u m ,  is  
c o n s i d e r e d  t o  r e p r e s e n t  t h e  a m o r p h o u s n e s s  o f  t h e  s a m p l e  [ 2 ) .  T h e  c r y s t a l l i n i t y  C r I ,  is  
c a l c u l a t e d  f r o m  t h e  r e l a t i o n .
C r I 1 - /  x
A m W  
C r H  ’
w h e r e  r i s  t h e  s c a l e  f a c t o r  r e l a t i n g  t h e  h e i g h t  o f  C r H  t o  f u l l  s c a l e  ( t o t a l  b l a c k n e s s ) .
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T h e  h e i g h t  o f  t h e  m a i n  p e a k  a t  26  =  3 2 . 5 2 °  i s  1 0  m m  a b o v e  t h e  a d j a c e n t  m i n i m u m  
i n  t h e  o r i g i n a l  t r a c i n g  a n d  w i d t h  a t  t h i s  p o i n t  i s  0 . 0 1 4 5  r a d i a n .  C o n s i d e r i n g  t =  3 8 0  m m  f o r  
1 0 0 0  C P S ,  t h e  c r y s t a l l i n i t y  i s  o b t a i n e d  a s
0 . 0 1 4 5
C r I  =  1 - 3 8 0  x  — — —  =  0 . 4 4 9 = 1 0 . 4 5 .
Crystallite s ize :
T h e  t h r e e  d i m e n s i o n a l  c r y s t a l  l a t t i c e  d i f f r a c t s  X - r a y s  i n  a  m a n n e r  a n a l o g o u s  t o  t h e  
r e f l e c t i o n  o f  v i s i b l e  l i g h t  f r o m  a  r u l e d  g r a t i n g .  T h e  d i f f r a c t e d  b e a m s  b e c o m e  d i f f u s e d  w h e n  
c r y s t a l  s i z e  i s  n e a r l y  t h e  s a m e  a s  t h e  w a v e l e n g t h  o f  t h e  i n c i d e n t  b e a m .  A s  c r y s t a l s  d e c r e a s e  
i n  s i z e ,  t h e  d i f f r a c t e d  b e a m  b e c o m e s  m o r e  d i f f u s e d  u n t i l  i t  i s  l o s t  i n  t h e  g e n e r a l  b a c k g r o u n d .  
T h u s ,  t h e  d i v e r g e n c e  o f  X - r a y  b e a m  i s  a b l e  t o  g i v e  t h e  c r y s t a l l i t e  s i z e .  T h e  r e l a t i o n s h i p  
b e t w e e n  c r y s t a l i t e  s i z e ,  C S  a n d  d i f f r a c t e d  X - r a y  l i n e  b r o a d e n i n g  i s  g i v e n  b y  S c h e r r e r  [ 3 ]  
a s
C S
KX
(5 c o s  0  ’
w h e r e  X == w a v e  l e n g t h  o f  X - r a y s ,
P =  p u r e  d i f f r a c t i o n  b r o a d e n i n g ,  i n  r a d i a n  
0  =  B r a g g ’ s  a n g l e ,  a n d
K  =  a  c o n s t a n t  d e p e n d i n g  u p o n  t h e  c r y s t a l l i n e  s h a p e ,  u s u a l l y  t a k e n  a s  u n i t y .
I n  t h e  p r e s e n t  c a s e ,  t h e  p u r e  w i d t h  o f  t h e  m a i n  p e a k  is  1 . 1 1 ° ,  t h e  w a v e l e n g t h  o f  X - r a y  u s e d  
b e i n g  1 . 5 4  A ,  t h e  c r y s t a l i t e  s i z e  i s
C S
1 . 5 4  
/ J c o s  0
1 . 5 4  x  3 6 0
1 . 1 1  x  c o s  1 6 . 2 6  x  In
8 2 . 8 0  A  -  8 3  A .
T h u s ,  t h e  X - r a y  d i f f r a c t i o n  p a t t e r n  o f  e m b a l m e d  d r y  h u m a n  s k u l l  b o n e  s h o w s  t h a t  i t  
h a s  r e g u l a r i t y  i n  t h e  a r r a n g e m e n t  o f  s t r u c t u r a l  e l e m e n t s  o n l y  i n  o n e  d i r e c t i o n .  O n e  c a n  
c o n s i d e r  r e g u l a r  a r r a n g e m e n t  o f  l a m e l l a s  w h i c h  a r e  2 . 7 5  A  a p a r t .  T h e  c r y s t a l l i t e  s i z e  o f  t h e  
o r d e r  o f  8 3  A  r e v e a l s  t h a t  s u c h  r e g u l a r  a r r a n g e m e n t  o f  l a m e l l a s  c o n t i n u e s  o n l y  u p t o  8 3  A .  
T h i s  g i v e s  t h e  d e g r e e  o f  c r y s t a l l i n i t y  a s  0 . 4 5 ,  i n  t h e  p a r t i c u l a r  d i r e c t i o n .
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